Both genetic and environmental factors are thought to contribute to neurodevelopmental and neuropsychiatric disorders with maternal immune activation (MIA) being a risk factor for both autism spectrum disorders and schizophrenia. Although MIA mouse offspring exhibit behavioral impairments, the synaptic alterations in vivo that mediate these behaviors are not known. Here we employed in vivo multiphoton imaging to determine that in the cortex of young MIA offspring there is a reduction in number and turnover rates of dendritic spines, sites of majority of excitatory synaptic inputs. Significantly, spine impairments persisted into adulthood and correlated with increased repetitive behavior, an ASD relevant behavioral phenotype. Structural analysis of synaptic inputs revealed a reorganization of presynaptic inputs with a larger proportion of spines being contacted by both excitatory and inhibitory presynaptic terminals. These structural impairments were accompanied by altered excitatory and inhibitory synaptic transmission. Finally, we report that a postnatal treatment of MIA offspring with the anti-inflammatory drug ibudilast, prevented both synaptic and behavioral impairments. Our results suggest that a possible altered inflammatory state associated with maternal immune activation results in impaired synaptic development that persists into adulthood but which can be prevented with early anti-inflammatory treatment.
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Introduction
Neurodevelopmental disorders, such as autism spectrum disorder (ASD) and schizophrenia (SZ) are likely caused by a combination of genetic alterations and environmental insult during early development. Although the genetic contribution to these disorders is indisputable, increasing evidence points to the role of fetal environment (Patterson, 2011; Voineagu et al., 2011; Hagberg et al., 2012; Knuesel et al., 2014) . For example, twin studies indicate that concordance for dizygotic twins is much greater than that for siblings (Hallmayer et al., 2011) . Further, epidemiological studies show that infections during pregnancy increase the risk of ASD and SZ in the offspring (Atladottir et al., 2010; Brown, 2012) . Evidence of immune dysregulation is found in individuals with both disorders; inflammation is present in postmortem brains, and cytokine levels are altered in the blood, brain, and cerebrospinal fluid in ASD and SZ (Vargas et al., 2005; Chez et al., 2007; Patterson, 2009; Morgan et al., 2010; Watanabe et al., 2010; Ashwood et al., 2011; Wei et al., 2011) . The maternal immune response with altered levels of cytokines in both the mother and the offspring is thought to be instigating the brain changes and behavioral impairments in these disorders (Girgis et al., 2014) .
Animal studies support the link between maternal immune activation (MIA) and behavioral abnormalities. Studies on prenatal exposure of rodents and primates to maternal infection or inflammation have shown that challenged offspring demonstrate altered behavioral phenotypes relevant to ASD and SZ (Borrell et al., 2002; Fatemi et al., 2002; Shi et al., 2003; McAlonan et al., 2010; Ehninger et al., 2012; Malkova et al., 2012; Bauman et al., 2014) . While some studies failed to detect signs of inflammation in offspring born to immune-challenged mothers (Willi et al., 2013; Missault et al., 2014) and even showed reduction in inflammatory cytokines in http://dx.doi.org/10.1016/j.bbi.2015.07.022 0889-1591/Ó 2015 Elsevier Inc. All rights reserved.
